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GEORGE C. MARSHALL SPACE FLIGHT CENTER 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

STANDARD 
RADIOGRAPHIC INSPECTION OF ELECTRONIC PARTS 

1, SCOPE 

1. 1 This standard establishes the inspection criteria, test 
conditions and methods for radiographic inspection of electronics and 
electrical parts for verification of physical attributes, 

2. REFERENCED DOCUMENTS 

2.1 The following documents form a part of this standard to 
the extent specified herein. Unless otherwise indicated, the issue 
in effect on date of invitation for bids or request for proposals shall 
apply. 

STANDARDS 

Federal — ' 

FED-STD-595 Colors 

Military 

MIL-STD-453 Inspection, Radiographic 

(Copies of specifications, standards, drawings, bulletins, 
and publications required by suppliers in connection with specific ' 
procurement functions should be obtained from the procuring activity 
or as directed by the contracting officer.) 

3. DEFINITIONS 

3, 1 There are no applicable definitions. 

4. GENERAL REQUIREMENTS 

4.1 Inspection - Radiographic inspection shall be performed 
by a laboratory qualified in accordance with 6 .0 and listed on or 
approved for listing on the applicable Approval Testing Laboratories 
(ATL) listing. Radiographic inspection shall be in accordance with 
MIL-STD-453 and this standard including applicable appendices. Where 
the requirements stated in this standard conflict with any requirement 
of MIL~STD-453, the requirements of this standard shall apply. 
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Note - The dimensional values upon which this standard is 
based were developed using the U.S. System. The metric equivalents 
were obtained by direct conversion based upon 1 inch = 25.4 mm. Where 
such equivalent's do not correspond to a standard metric size, the 
closest standardized metric equivalent size may be used. 

4 . 2 Equipment 

4. 2. 1 Radiography - The X-ray equipment shall have sufficient 
voltage range to produce radiographs in accordance with this standard. 
The equipment shall have a focal spot of 3 .5 millimeters (mm) pr less 
and shall maintain a sharply defined image at a focal film distance of 
(76.20 to 152.40 centimeters) 30 to 60 inches. 

4„ 2. 2 Exposure factors - The X-ray exposure factors shall 
be selected to achieve maximum image detail within the sensitivity 
requirements. The film shall be exposed in accordance with the 
following requirements: 

(a) X-ray voltage - lowest voltage possible. 

(b) H and D film density - 1.0 to 2 .5 

(c) Milliampere and tirne settings - adjusted, as necessary, to 
obtain satisfactory exposure. 

4V 2. 3 Film - The X-ray film shall be single emulsion and of a 
grade defined as very fine grain. 

4 . 2 . 3 . 1 Sensitivity - X-ray film and equipment shall be capable 
of detecting all metallic particles with a major dimension of (0.025 
millimeter) 0, 001 inch or greater. . 

t 

4 . 2 . 3 . 2 Exposure - Exposure factors such as KVP, current, 
and time shall be compatible with the sensitivity requirements of 4. 2. 3. 1. 

4 . 2 . 3 . 3 Film density - The X-ray equipment and processing 
techniques shall be capable of producing H and D film density of 1.0 
to 2 .5 in accordance with the American Standard Printing density type 
P - 2 . 

4. 2. 3. 4 Film dimensions - Radiographic film shall not exceed . 
(35.56 centimeters) 14 inches in width and (43.18 centimeters) 17 inches 
in length. 

4. 2. 3* 5 Processing - The exposed X-ray film shall be processed 
in such manner that the film shall be free of processing defects, i . e . , 
fingerprints, chemical spots, blemishes, etc. 

2 
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4 . 2 . 3 . 6 Film identification - Each radiographic film shall be 
identified with the following information: 

(a) Part manufacturer's name. . 

(b) MSFCPart Number (as marked on part). 

(c) Part Serial numbers or cross reference. 
* 

(d) Date or lot code (as marked on part). 

(e) View number 

(f) X-ray laboratory name 

(g) Penetrameter' image. 

(h) Penetrameter number (see Table I). 

4 . 2 , 4 Penetrameters - Penetrameters shall be employed in 
all radiographic*testing and- shall be: (a) as specified in Figure 1 and 
in Table I; (b) a No. 1 ASTM-B Image Quality Indicator (IQI); or (c) 
an equivalent as approved by the procuring agency. The penetrameter 
image shall be used to determine radiographic quality and shall meet 
the following requirements: 

(a) Penetrameter wires shall be visible on each radiograph* 

(b) Penetrameters shall be -selected to give a film density within 
+10 percent of the density of the area of immediate interest* 

(c) Penetrameters shall be placed in diagonal corners on the 
source side of the film. The plane of the penetrameters shall 
be normal to the radiation beam. When 35-mm film strip is 
used, the penetrameter shall be placed in a position normally 
occupied by a part, and a penetrameter image shall be mf.do 
(exposed) for every 50 parts or (43.18 centimeters) 17 inches 
of film, whichever is more convenient, . 

(d) Distortion of any penetrameter shall not exceed 10 percent.' 

(e) The spacing between wires of a penetrameter shall not be 
distorted by more than 10 percent. The percentage of 
distortion as used in this standard is defined as follows: 

S Q Percentage distortion = . 0 1 x 100 where 
s 0 

Sq a actual wire spacing, and 

S. = wire spacing as it appears on the x-ray film 
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IDENTIFICATION 
SHALL BE IN 
THIS AREA . 

LEAD HUMBER 

Figure 1. Penetrometer 

(1) ALL DIMENSIONS ARE 
IN MILLIMETERS, WITH 
EQUIVALENT INCHES IN 
PARENTHESIS. 

(2) EXCEPT FOR GROOVES 
AND WIRES, DIMEN-
SIONAL TOLERANCES 
SHALL BE (0.005 
INCH) ± 0 . 1 2 7 . 

(3) SEE TABLE I FOR 
COMPLETE DETAILS. 
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Pene. 
number 

Shim stock 
thickness-T 
in mill imeters 
( inches) 

Wire s i z e in millimeters ( inches) 
Pene. 
number 

Shim stock 
thickness-T 
in mill imeters 
( inches) A B C D E F 

00 None 0.0508 0.0254 0.0127 0.0127 0.0254 0.0508 
(0.002) (0.001) (0.0005) (0.0005) (0.001) (0.002) 

0 0.0508 0.0508 0.0254 0.0127 0.0127 0.0254 0.0508 
, . (0.002) (0.002) (0.001) (0.0005) (0.0005) (0.001) (0.002) 

1 0.127 0.0508 0.0254 0.0127 0.0127 0,0254 0.0508 
(0.005) (0.002) (0.001) (0.0005) (0.0005) (0.001) (0.002) 

2 0.1778 0.0508 0.0254 0.0127 0.0127 0.0254 0.0508 
(0.007) (0.002) (0.001) (0.0005) (0.0005) (0.001) (0.002) 

3 0.254 0.0762 0.0508 0.0254. 0.0254 0.0508 0.0762 
(0.010) (0.003) (0.002) (0.001) (0.001) (0.002) (0.003) 

4 0.381 0.0762 0.0508 0.0254 0.0254 0.0508 0.0762 
(0.015) (0.003) (0.002) (0.001) (0.0.01) (0.002) (0,003) 

5 0.635 0.127 0.0762 0.0508 0.0508 0.0762 0.127 
(0.025) (0.005) (0.003) (0.002) (0.002) (0.003) (0 .005) 

6 0.889 0.127 0.0762 0.0508 0.0508 . 0.0762 0.127 
(0.035) (0.005) (0.003) (0.002) (0.002) (0.003) (0 .003) 

NOTES 

1. Shim stock shal l be made from s t e e l . 

2. Wires sha l l be made from tungsten, except f o r penetrameters used with 
re lays , in which case e i ther tungsten or copper*wire may be u t i l i z e d . 

3. Grooves shal l be approximately 0.127 mm (0.005 inch) . 

4'. Center sect ions sha l l be made from c lear p l a s t i c o f low X-ray densi ty . 

5. A l l materials shal l be bonded with c lear - type cement. 

6. P l a s t i c cement should have a low X-ray density. 

7. Tolerances, except f o r grooves and wires , shal l be ±0.127 mm (0.005 
i n c h ) . 

8. In addit ion to bonding the penetrameter section's, assemblies may be 
fastened within 6.35 mm (0.250 inch) of each corner with bottom face -
f lush . 

9. Fastener shal l not i n t e r f e r e with the end use of the penetrameter* 

13 
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4. 2. 4.1 Metric equivalent penetrameters shall be appropriately 
' identified and the metric equivalent sizes used in their construction shall 

be tabulated. 
i 
! * Note - Correlation of the penetrameters listed in Table I and the 
' ASTM-B Image Quality Indicator is as follows: 

MSFC-STD-355 00 0 1 2 3 4 5 6 

j - ASTM IQI 1 2 3 4 5 6 7 8 

Numbers 00 and 0 are additions in this revision and were so 
numbered to maintain continuity with previous revisions. 

\ 

4. 2.,5 Fixtures - Suitable fixtures shall be used for mounting 
the electronic parts during the X-ray operation. . 

4. 2. 5.1 Mounting of parts - Electronic parts shall be positioned 
and mounted in a manner that will permit compliance with 4. 5. 4 and the 
applicable appendices. See Figures 2, 3 t and 4 for typical layout. 
"Hie parts must be mounted in any type of fixture, provided that the 

j fixture is not between the body of the electronic part and the film. 

4 .3 Identification of parts - Each-electronic part shall be 
permanently and legibly marked with a serial number that will pro-
vide traceabili'ty from each part to its respective X-ray. The parts 
shall be radiographed in consecutive, increasing serial order. When 
a part is missing, the blank space shall contain either the serial 

aa number or other X-ray opaque.objects to readily identify and correlate 
X-ray data. 

Parts shall be identified on the radiographic film (see 4 . 2 . 3 , 6 ) 
by the actual part serial number or by a number which is cross-

, referenced to the part serial number. When cross-reference numbers 
are used, a cross reference listing shall accompany the radiograph, 

4 . 2 . 6 Radiation filters - Metallic screens and filters, as 
follows, shall be used to give better definition and sensitivity: 

vr_ (a) Lead backing plates, (3.175 millimeters) 0.125 inch thick 
shall be used on the table surface or in back of the parts 
during all examinations. 

(b) Lead diaphragms shall be used to isolate specimens from 
each other when more than four (4) specimens are radio-
graphed on the same film. 

6 
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PENETRAMETER 6.35 MILLIMETERS 

(0.25 INCH MIN) 
i 

SEE PARA. 
4 .2 .3 .4 

PENETRAMETER 

SEE PARA.' 4 . 2 . 3 . 4 

6.35 MILLIMETERS 

(0.25 INCH MIN) 

NOTES: 

1. SEQUENTIAL NUMBERING SHALL BE 
USED AND SHALL START WITH THE 
UPPER LEFT UNIT ACROSS TO THE 
UPPER RIGHT UNIT, THEN THE 
SECOND ROW LEFT TO RIGHT, ETC. 

2.. TYPICAL CLEARANCE BETWEEN ANY 
UNIT IN A ROW SHALL BE 6.35 
MILLIMETERS (0.25 INCH). 
MINIMUM PART SPACING ON X-RAY 
FILM SHALL BE SUCH THAT X-RAY 
SCATTER FROM ONE PART SHALL 
NOT FOG OR OBSCURE THE X-RAY 
IMAGE OF ADJACENT PARTS. 

3. THE NUMBER OF ROWS ALLOWABLE 
SHALL NOT BE RESTRICTED BUT 
SHALL BE DETERMINED BY THE 
SIZE OF THE DEVICE. 

4 - THE NUMBER SHOWN SHALL BE THE 
DEVICE'S ACTUAL SERIAL NUMBER 
OR OTHER NUMBER WHICH SHALL BE 
CROSS-REFERENCED TO THE 
DEVICE'S SERIAL NUMBER, 

Figure 2- Typioal layout for transistors3 relays, and integrated 
airouits mounted in transistor headers 

7 
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MOTES: 

1. SEQUENTIAL NUMBERING SHALL BE 3. 
USED AND SHALL START WITH THE 
UPPER LEFT UNIT ACROSS TO THE 
UPPER RIGHT UNIT , THEN THE 
SECOND ROW LEFT TO RIGHT, ETC. 

2. TYPICAL CLEARANCE BETWEEN ANY 
UMIT IN A ROW SHALL BE 6.35 
MILLIMETERS (0.25 INCH). 
MINIMUM PART SPACING ON X-RAY 
FILM SHALL BE SUCH THAT X-RAY 
SCATTER FROM ONE PART SHALL 
NOT FOG OR OBSCURE THE X-RAY 
IMAGE OF.ADJACENT PARTS. 

THE NUMBER OF ROWS ALLOWABLE 
SHALL NOT BE RESTRICTED BUT 
SHALL BE DETERMINED BY THE 
SIZE OF THE DEVICE. 

THE NUMBER SHOWN SHALL BE THE 
DEVICE'S ACTUAL SERIAL NUMBER 
OR OTHER NUMBER WHICH SHALL 
BE CROSS-REFERENCED TO THE 
DEVICE'S SERIAL NUMBER. 

Figure 2, Typical layout for axial lead parts 

8 
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SEE PARA. 
4.2 .3 .4 

PENETRAMETER 

SEE NOTE 4. 
6.35' MILLIMETERS 

(0,25 INCH) MIN 

i 

PENETRAMETER 

6.35 MILLIMETERS 

(0.25 INCH) MIN 

NOTES; 

1. SEQUENTIAL NUMBERING SHALL BE 3. THE NUMBER OF ROWS ALLOWABLE SHALL 
USED AND SHALL START WITH THE NOT BE RESTRICTED BUT SHALL BE 
UPPER LEFT UNIT ACROSS TO THE DETERMINED BY THE SIZE OF THE 
UPPER RIGHT UNIT, THEN THE DEVICE. 
SECOND ROW LEFT TO RIGHT, ETC. 

4. THE NUMBER SHOWN SHALL BE THE 
2. TYPICAL CLEARANCE BETWEEN DEVICE'S ACTUAL SERIAL NUMBER 

UNITS IN A ROW SHALL BE OR OTHER NUMBER WHICH SHALL BE 
6.35 MILLIMETERS (0.25 CROSS-REFERENCED TO THE 
INCH). MINIMUM PART SPAC- DEVICE'S SERIAL NUMBER. 
ING ON X-RAY FILM SHALL 
BE SUCH THAT X-RAY SCAT-
TER FROM ONE PART SHALL 
NOT FOG OR OBSCURE THE 
X-RAY IMAGE OF ADJACENT 
PARTS. 

Figure 4. Typical layout for integrated circuits mounted in flat packs 

9 



(c) Barium clay masking may be used provided the barium clay 
is of sufficient thickness to insure that the film density under 
the clay is approximately one-half that under the specimen. 

(d) Where practicality permits, metallic shot-may be used for 
masking large singular specimens, 

(e) Lead-foil screens maybe used provided commercially-pure 
lead or a 94.6 percent lead-antimony compound is used as 
base material. 

(f) Liquid absorbers shall not be used, 

4 ,3 Inspection and examination of radiographs - Inspection 
of radiographs shall be conducted by the device manufacturer or 
testing activity. Each radiograph shall be examined, utilizing the 
equipment specified herein. The radiographs shall be inspected to 
determine that each electronic part conforms to the requirements of 
this document and the applicable appendix. 

4 . 3 . 1 Viewing equipment - The radiograph shall be examined 
on a suitable illuminator with variable intensity, or on a viewer suitable 
for radiographic inspection on projection type viewing equipment. 

4. 3, 2 Magnification - A magnification of between 7 power 
and 20 power shall be used for radiograph examination. 

' 4 .4 Marking of parts - Electronic parts that have been 
X-rayed and have been found acceptable shall be identified with a blue 
dot on the external case. The blue dot shall be approximately 1,5 mm 
(0.0625 inch) in diameter and shall be of fungus-resistant paint. The 
paint color shall be any shade ranging between numbers 15102-15123 and 
25102-25109 as specified in FED-STD-595. 

4. 5 Reports and records 

4 . 5 . 1 Reports of inspection - Unless otherwise specified by 
the contract, the testing activity shall furnish inspection reports signed 
by an authorized representative of the testing activity. The reports shall 
give the results of the radiographic inspection an<H shall list the purchase 
order number or equivalent identification, the part number, the number 
of parts inspected, the number of parts rejected, and the date of the 
test. For each rejected part, the part number, the serial number, and 
the cause for rejection of the part shall be listed. Two copies of the re-
port shall be forwarded to the procuring activity. 

4 . 5 . 2 Records of inspection - A complete record.af_th^-details 
of inspection shall be kept by the manufacturer or testing laboratory on 
a form acceptable to MSFC. The record shall list the voltage potentials 
and currents used in the, radiographic process, the time of exposure, the 

10 
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distance of the source of radiation from the surface of the part, the 
distance of the film from the same surface, the approximate angle 
between the central beam of radiation and the film, the screens and 
filters used, the size of the focal spot, the time of development of the 
film, and the serial number of the part under test. When an identical 
technique is used for a number of parts, a single record, tabulating 
all identical features will suffice for all parts. Copies of the records 
shall be made available to MSFC and the procuring activity when re-
quested. 

4. 5. 3 Records of radiographs - Each radiograph shall carry 
a radiograph inspection serial number or code letters to identify the 
radiograph with the parts examined shown in the radiograph. One 
copy of all radiographs shall accompany the shipment of parts when 
submitted to the procuring activity. In addition, one complete set 
of radiographs shall be kept by the manufacturer or testihg laboratory 
for a period of 24 months. 

4 ,6 Personnel 

4 . 6 . 1 Radiographer - Personnel engaged in radiographic pro-
cessing shall be familiar with the requirements of this standard and with 
all other documentation controlling radiographic inspection of parts and 
materials.. They shall be capable of producing radiographs which meet 
the requirements of all applicable documentation. 

4 . 6 . 2 Radiographic interpreters - Personnel engaged in the 
interpretation of radiographs shall be familiar with the requirements of 
this standard and with all applicable documentation, controlling radio-
graphic quality of parts and materials being inspected. They shall be 
capable of evaluating radiographs to determine conformance of parts 
and materials to the requirements of all applicable documentation. 

4 . 6 . 3 Vision - The minimum vision requirements for visual 
acuity of personnel inspecting film shall be as follows: 

(a) Distant vision shall equal 20/30 in at least one eye, either 
corrected or uncorrected. 

(b) Near vision shall be such that the individual can read Jaeger 
type No. 2 at a distance of 40.64 centimeters (16 inches), 
either corrected or uncorrected. 

4. 6. 4 Vision tests - Vision tests shall be performed by an 
oculist, optometrist, or by other professionally recognized personnel. 
One year from the effective due date of qualification, and each year 
thereafter, qualified personnel shall be required to pass the vision 
tests specified herein. 

U 



5. DETAILED'REQUIREMENTS 

5.1 Acceptance criteria - Each electronic part furnished 
under the provisions of this standard shall be radiographically 

: ^inspected for the verification of physical attributes. Acceptance of 
: Tithe parts shall be based on the Criteria established in this document 
jttiand the applicable appendices, 
t a ; : , > • 

5.1.1 Radiographs - One copy of the radiographs shall accom-
pany the parts when submitted to the procuring activity for acceptance. 

5 .1 .2 Abnormality of construction - Acceptable X-ray lots 
shall be of homogeneous construction regarding the characteristics 

<3jdiscernible through radiographic examination. Parts deviating from 
the standard construction of the lot shall be rejected. 

ju?-: 5 .2 Reradiographing - When there is doubt 
as to the interpret 

tation or the clarity of a radiograph, reradiographing shall be performed 
when directed to do so by the MSFC representative. 

5.3 Interpretation - All requests for clarification and in-
terpretations concerning the criteria specified herein shall be directed 

.to MSFC. (see 6.1.3). 

! V 6 .0 QUALIFICATION 

6.1 Qualification procedure - The radiographic laboratory 
j.shall submit a written request for qualification to the NASA center or 

^reorganization imposing this standard. The request shall include sample 
vf£>X-ray film of components comparable to the items specified 

in the contract or order, X-ray procedures, and a description of.X-ray 
^ equipment. Upon approval, the requesting laboratory shall be assigned 

„ a-qualification identification number. No formal qualification survey shall 
be required, however, the requesting laboratory shall be subject to 

Ljnisurvey at any time, on 24 hours notice, by an authorized representative 
• of-the Government to determine compliance with the requirements of 
this standard. The qualification survey shall be conducted within the 

i guidelines given in 6 .2 . 

6.1.1 Qualification samples - Radiographs of 50 devices, pre-
pared in accordance with this standard, shall be submitted to the 

'^qualifying activity (see 6.1.3) with the procedures specified in 6.1. The 
50 devices to be X-rayed may consist of any of the devices covered 

. in the appendices to this standard except where qualification to X-ray 
^relays is desired, in. which case radiographs of hermetically sealed 

_ relays are required. 

rr*:*- 6.1. 2 Subcontractor laboratory qualification - The prime 
contractors shall be responsible for the continuing qualification status 
of radiographic laboratories, including the status of all tier subcontractors 

M The qualification of any tier subcontractor radiographic laboratory shall 
be subject to review by a representative of the Government. 

15 
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6, X. 3 Qualifying activity - The qualifying activity for this 
standard is the George C. Marshall Space Flight Center. All in-
formation pertaining to qualification required by this standard shall 
be submitted to the following address: 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 
'Realibility and Quality Assurance Office 
Mail Code EG 24 

6. 2 Qualification survey - The radiographic laboratory 
qualification survey shall be conducted within the following guidelines: 

6. 2.1 Documentation - On-hand documentation shall be sur-
veyed to determine adequate radiographic procedures and quality levels. 
Survey shall include applicable drawings, specifications, and standards. 

6. 2. 1,1 Procedures - Compatibility of laboratory standard 
operating procedures with MSFC requirements, as defined in applicable 
documents, shall be established. 

6. 2, 2 Performance - Adequacy of laboratory performance 
shall be determined by the following inspections:. 

(a) Inspection of test parts which correspond to the MSFC 
associated activities of the laboratory. These parts shall be 
accompanied by documentation defining the desired radio-
graphic coverage, procedures, and quality levels. 

(b) Review of radiographic films of test parts for adequacy of 
film processing, coverage, density, and sensitivity. 

(c) Review of laboratory analysis of part quality and part 
disposition. 

6 . 2 . 3 Reports and records - The laboratory's procedure for 
making reports, keeping records, and storing films shall be inspected 
for adequacy. 

13 



MSFC-STD-355C 
MAY 15, 1975 ' 

APPENDIX A 
TRANSISTORS 

10. SCOPE 

10.1 This appendix establishes the criteria for acceptance 
and rejection of transistors supplied under the provision of this standard. 

20. REQUIREMENTS 

20.1 Views 

20.1.1 Round can type - One view shall be taken with X-rays 
penetrating the case normal to a plane passing through the emitter and 
collector leads, with the X-rays coming from the side opposite the 
base lead'. Using the base lead as an axis, rotate the transistor 90 
degrees and take a second view, A third view shall be taken along the 
Y-axis when the pallet area is not obscured by a mounting assembly or 
terminal lug (the Y-axis iB the cylindrical axis). 

20.1. 2 Metal box type - Two views shall be taken with X-rays 
with the part as aligned in Figure A - l , 

20.1, 3 Stud type - One view shall be taken with X-rays penetrat-
ing the case normal to a plane passing through the emitter and base 
leads. Using the terminal lug as an axis, the transistor shall be rotated 
90 degrees and a second view taken. A third vrew shall be taken with the 
plane gf the emitter and base leads Intercepting the plane of the film at a 
45 5 angle. 

INDEX PIN 
VIEW 1 

VERTICAL 

. STUD 
INDEX PIN 

1 t 
•X-RAYS 

VIEW 2 

(A) METAL BOX PACKAGE 

Figure A - l 

A - 1 5 



20.2 Examination - The transistor examination shall include, 
but not be limited to, inspection for foreign particles, solder splash, 
proper bond of lead to semiconductor element and lead to terminal 
post, accuracy of semiconductor element and geometry, and proper 
semiconductor element mounting. 

20. 2.1 Internal post - The internal post shall not be bent 
more than 10 degrees from the vertical and shall be uniform in length 
and construction. 

20 .2 .2 Lead wires - There shall be no sharp bends, kinks, or 
loops in the lead wires. Any bend exceeding 3 wire diameters deviation 
from a smooth arc shall be considered a sharp bend; Lead wires shall 
not be pulled tight unless specifically designed in this manner, such as 
transistors using clips or rigid interconnection leads, but shall be 
smoothly bowed. The bow of the lead wire, from a straight line as 
drawn from the pad bond to the post"bond shall be as follows: . 7 to 10 

'wire diameters for lead wire up to 0.127 mm (0.005 in.) in diameter 
and 3 to 5 wire diameters for 0.127mm (0.005 in.) to 0,254 mm 
(0.010 in.) wir^. See Figure A-3(b). Any bends or curves in the lead 
wire shall not extend beyond the top of the post more than three times 
the diameter of the lead wire.* Lead wires shall not be misaligned such 
that they cross one another. The lead wire pigtail shall not extend beyon 
the post.by a distance greater than one half the diameter of the post. 
See Figures A-2, A-3 , A-4 , 4A-5 and A-6 . 

20 .2 .3 Extra wires - There shall be no wires present other . 
than those connecting specific areas of the transistor semiconductor 
element to the external leads, except where the design of the transistor 
calls for the use of such additional wires. 

20 .2 .4 Semiconductor element mounting - The semiconductor 
element shall be mounted and bonded so that it is not tilted more than 10 
degrees from the normal mounting surface. "Where the bonding agent 
accumulates around the perimeter ot the semiconductor element and 
touches the side ot the semiconductor element, it shall not accumulate 
to a thickness greater than the thickness oi the semiconductor elements. 
Where bonding agent is built up but is not touching the semiconductor 
element, the build-up shall not be greater than twice the thickness of the 
semiconductor element nor have a pedestal form. See Figure A-7. 

20. 2. 5 Extraneous material - There shall be no visible ex-
traneous material or foreign objects 0.0254 mm (0.001 in.) or larger 
in the major dimension; loose bonding (eutectic) material will be con-
sidered extraneous material., See Figure A-8(b). Excessive (but not 
loose) bonding material will not be considered extraneous unless it 
fails to meet the requirements of 20. 2. 4_£See Flgure-A=7). 

A-16 
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20. 2. 6 Clearance - Acceptable transistors shall exhibit ade-
quate internal clcarances. The minimum distance between electrical 
connections on the post (or the post proper) and the nearest point on 
the ease or header, as well as the minimum distance between the load 
wire and the case or header, shall be equal to the diameter of the 
element post proper (except for the short distance between lead and 
header in the vicinity of the bond of the lead to the semiconductor 
element). When a low profile*case (such as a TO-46) is a specific 
design requirement, clearance shall be 20 percent of the total inside 
dimension between the base and top of the case. In transistors that 
have the semiconductor element mount vertical, the minimum clearance 
shall be 0. 0508 mm (0, 002 in. ) between the semiconductor element 
mount and header, and between the semiconductor element mount and 
case (see Figure A-9) . 

20. 2. 7 Weld splash - There shall be no indication of weld 
splatter in the form of balls or strips on the inside of the device, Weld 
expulsion, when continuous and uniform, is acceptable when located 
on the weld ring side "Of the header (see Figure A-10). 

20, 2. 8 Excess material - There shall be no excess eutectic 
material on the semiconductor element, on the case, on the lead weld, 
nor separated from the original bond line (see Figure A-ll) . 

20. 2. 9 Quad transistors, metal box package - In addition to 
the examination criteria listed above, quad transistoi*s shall also be 
examined for the following criteria. 

20. 2. 9. 1 Extraneous material - There shall be no detectable 
loose particles 0.0254 millimeter (0.001 in.) or larger in the major 
dimension. A loose particle shall be defined as one which changes 
location when the package is rotated 180 as shown in Figure A-12(a), 

20. 2. 9. 2 Substrate attach voids - Contact area voids under the 
substrate (carrier) in excess of 20% of the total-contact area are un- ' 
acceptable. 

2 0 . 2 . 9 . 3 Internal clearances - Clearance between internal ends 
of feedthru pins of less than one pin diameter is unacceptable. See 
Figure A-12(b). 

• Q 
2 0 . 2 . 9 . 4 Bent pins - Feedthru pins deviating more than 10 from 

a straight line are unacceptable. See Figure A-12(c). 
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ACCEPTABLE 

M.'iii ACCEPTABLE BENDS ON WIRE 

UNACCEPTABLE 

UNACCEPTABLE - SHARP 
BENDS 

_ t -
Figure A-2, Acceptable and unacceptable bends ori internal leads 

i 
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^ B 

(b) ACCEPTABLE IF B = 3 TO 5 DTAMKTKRS 
FOR 0.127 MM (.005 FN.) TO 0.-254 MM (.010 IN.) 
WIRE OF B = 7 TO 10 DIAMETERS FOR WIRU 
LESS THAN 0.127 MM (.005 IN.) IN DIAMETER, 

UNACCEPTABLE IF DISTANCE A 
EXCEEDS 3 TIMES DIAMETER 
OF WIRE CONNECTING POST TO 
SEMICONDUCTOR ELEMENT 

rn 
& II II 

II II I I 

UNACCEPTABLE - WIRES SAG TOO 
MUCH AM) TOO CLOSE TO SEMI-
CONDUCTOR ELEMENT 

Figure A-3. Acceptable and unacceptable bent or sagging internal leads 
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Figure A-4, Other types of acceptable and unacceptable 
internal leads 
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I I I 
JLl 

UNACCEPTABLE 
MISALIGNMENT 

! I 
JLL 1 

Figure A-5. Misaligned internal leads 

(A) UNACCEPTABLE 
PIGTAIL > 1/2 Y 

(B) UNACCEPTABLE - WIRE 
LEADS TOO LONG 

Figure A-6, Internal leads too long 
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(a> ACCEPTABLE (b) UNACCEPTABLE 

M ' I I 11 > 1 1 ( I I I 1 M M 1 

ACCEPTABLE 
BUILDUP p-

11 11 
JLL 

1 l I I JJ_ a BUILDUP 
MORE THAN 
1 X THICK-
NESS OF 
SEMI-
CONDUCTOR 
ELEMENT 

EXCEPT 
ACCEPTABLE UP 
TO 2 X THICKNESS 
OF SEMICONDUCTOR 
ELEMENT 

SEMICONDUCTOR ELEMENT 

UNACCEPTABLE BECAUSE BUILDUP 
CONTACTS SEMICONDUCTOR ELEMENT 

2 X SEMICONDUCTOR ELEMENT HEIGHT 
X . MAX 

r-UNACCEPTABLE -
i k C \ f PEDESTAL 

i A 
OR 

r ~ r s < r ~ 

2 X SEMICONDUCTOR ELEMENT HEIGHT 
MAX 

.Figure A-?. Aoaeptable and unacceptable-bonding-material buildup 
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(a) ACCKPTAiiLli 

NO EVIDENCE OF 
BROKEN WIRES 
AND LOOSE OB-
JECTS 0.0254 MM 
(0.001 IN.) OR 
LARGER 

EUTECTIC BUILDUP 
JOINED WITH 
ORIGINAL BOND LINE 

(b) UNACCEPTABLE 

PARTICLE 0.0254 MM 
(0.001 IN.) OR LARGER 

BROKEN LEAD 

© 

© 

EUTECTIC SEPARATED 
'FROM ORIGINAL BOND 
LINE 

Figure A-8. Acceptable and unacceptable foreign objects 
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Figure A-9. Unacceptable internal clearance. 

A - 2 4 


